A proton accelerator may be considered, for the purpose of calculating shielding, as a source of neutrons. In the high-ene:~:gy strongfocusing proton synchrotrons it is sufficiently accurate to ignore the radial curvature of the accelerator. Figure 1 shows a typical two-dimensional representation of the accelerator as a line source of neutrons of variable intensity.
The neutron flux, <j:>, at a point outside the shield is expressed as The integration is carried over the appropriate limits of z and E. 
The slope of the curve increases with the threshold energy, and a value .,
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close to 4 is obtained for 13 from the calculated curves, as shown in fig. 4 . Figure 5· gives values of 13 calculated from Ranft formulae for different threshold energies.
Moyer Integrals
Substituting the exponential approximation for g (B) in Eq. (5) yields
We define the Moyer Integral 
The general form of the Moyer Integrals is shown in fig. 6 and on an expanded scale in fig. 7 . It is seen that with an increasingly forward-peaked angular distribution--that is, increasing 13--the transmission of the shield is reduced. At larger depths the curves may be approximated, for most practical purpos 1 es, by simple exponentials. 
Use of Moyer Integralsto Estimate Shielding Thickness
We have shown that the flux of high energy neutrons at the surface of the· shield can be expressed as
The terrn S is proportional to the incident beam loss, B, and also to the 14) energy, E 0 , above 10 GeV • It follows from the properties of the (9) nuclear cascade as briefly described in section 2 that the dose-equivalent rate, D, is proportional to <P( E > 150 MeV), and is then expressed as
or D=C (11) where L = B E 0 is the energy loss from the accelerator vacuum chamber.
The value of the normalizing constant C appearing in eq. (11) may be obtained from the data of the CERN -LRL-RHEL experil1.1ent. During the experin1ent the use of a thin target and a beam clipper, hov1ever, reduced this in quiet areas to an effective value of 1.8X10 7 GeV/cm. sec 10 ). 
Above the internal targets the use of this simple formula is not very precise. Typically the value of L/D above the targets is some two orders of magnitude higher than in the regions of low beam loss.
Such an assumption with the Moyer Integrals leads to a conservative estimate.
For precise shield configurations detailed beam-loss distribution should be used.
In summary, the use of the Moyer Integrals allows rapid and accurate estimates of the high-energy neutron flux above different threshold energies as well as the dose -equivalent rate to be found at the surface of proton accel.erator shields operating in the energy region 5 to 500 GeV.
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The precision for the ~lux and dose rate estimates in regions of uniform beam loss is likely to be better than a factor of two, and even in target -12-UCRL-18862 Table I . .. ..
• Fig. 6 . 
